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THE GEOLOGY OF THE NOTTINGHAM
DISTRICT.
By BERNARD SMITH, M.A., F.G.S.
T H E first Official Survey of the Nottingham District appearsto have been undertaken about the years 1854-S8, Messrs.
Hull, Polwhele and Aveline being chiefly engaged upon the work.
Second revised editions of the maps were published in 1879.
The memoir on "The Geology of the Country Around Notting-
ham," written by Aveline, was published in 1861, and a second
edition in 1880.
Many observers have also given excellent descriptions of
the geology of the district, both as a whole and in detail, notably
the Rev. A. Irving (8), E. Wilson (17), J. Shipman (13), J. F.
Blake (14), and more recently Prof. J. W. Carr (IS) in the Jubilee
Volume of the Geologists' Association.
The recent Official Survey, on the 6-inch scale, has now been
completed, and the final memoirs are almost ready for issue.
The present time, therefore, seems to be peculiarly suitable for
an excursion to a neighbourhood which, as far as I can gather,
has not been visited by the Association since July of 1896, when
the sections along the Great Central Railway were examined.
Nottingham is very favourably situated as a centre for geo-
logical study, for it is within fairly easy reach, by road or rail, of
sedimentary rocks ranging upwards from the Carboniferous Lime-
stone to the Upper Lias or Inferior Oolite, also of Charnwood
Forest, lying to the south, and consisting chiefly of igneous rocks,
with problems of a different character. With the latter I do not
propose to deal. The sedimentary rocks of the Nottingham Dis-
trict have by no means given up all their secrets j much still
remains to be done, and there is ample scope for further research
on the lines pointed out by Mr. G. W. Lamplough in the recently
published Special Memoir on "The Geology of the Country
Around Nottingham" (6).
The following is a list of the formations in the area near
Nottingham :-
Superficial.
Recent
PLEISTOCENE
• Alluvium.
I Post-glacial and Late-glacial river gravels, Cave deposits,
. I Boulder-clay, with sand and gravel.
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Solid.
• Lias
PERMIAN
JURASSIC
TRIASSIC
1
Upper Lias.
Middle Lias with Ironstone..
. Lower LIas with Hydraulic
Limestones.
{
Rheetic. I Marls.
· Keuper . t Waterstones.
Bunter J Pebble Beds•
. I Lower Mottled Sandstone.
1
Permian Marl.
Magnesian Limestone
· with Marl Slates and
Breccia.
Gnat Unconformity.
{
\ Upper.
CARBONIFEROUS. Coal Measures . ., MIddle.
\ Lower.
Millstone Grit
DISTRIBUTION AND PHYSICAL FEATURES.
The south-eastern extremity of the exposed Nottinghamshire
coalfield almost reaches to the western confines of Nottingham.
On the south the coalfield is bounded, and partly buried up
by, Triassic rocks; on the east it is concealed beneath Permian
as well as Trias. The exposed field forms a plateau, dissected
by broad and deep valleys, about which the outcrops of the strata
wind in a tortuous manner, the more resistent rocks standing
out in bold relief. The river Erewash, an important tributary of
the Trent, occupies a strike valley, trending from north to south,
but it breaches the southern rim of Triassic rocks by a transverse
valley between Sandiacre and Stapleford.
The coalfield slopes, as a whole, towards the east, and dis-
appears in that direction beneath the Magnesian Limestone
escarpment. Where the latter is breached by valleys or rail-
way - cuttings the Permian rocks may be seen reposing with
striking uniformity upon the almost evenly-denuded surface of
the buried Coal Measures-this surface forming a wonderful
contrast to the highly diversified outcrop of the exposed coalfield,
which has suffered severely from later sub-aerial denudation.
The Permian outcrop, to the east of its main escarpment,
gives rise to a gently undulating dip-slope of limestone traversed
by trough.like, or gorge-like, valleys carrying streams of no great
size. A few rivers, such as the Maun at Mansfield, having their
origin on the coalfield, flow in an easterly direction through
transverse valleys in the escarpment, to the Triassic country
beyond. West and north-west of Nottingham the river Leen,
flowing on the soft Permian marl, has excavated a broad shallow
strike-valley, flanked on the west by the gentle dip-slope of the
Magnesian Limestone, and on the east by the Bunter escarpment.
The absence of the Permian upon the southern border of the
TH E GEOLOGY OF TH E NOTTI NGH AM DI STRICT. 2° 7
F IG. 2 3.-GEOI.OGICAL MAP OF THE NOTTINGHAM DISTRICT.
(Based on the Geolol[ical Suruev Map, Sheet ff. Four miles to one inch.)
208 BERNARD SMITH ON
coalfield, and its relations to the Trias, will be more fittingly
discussed at a later stage.
Rocks of younger age than Permian occupy the remainder of
the area. A meridional line through Nottingham roughly divides
the industrial and thickly populated area of the exploited coalfield
from the more purely agricultural and sparsely populated district
of the younger rocks. Year by year, however, this line creeps
eastward as the relatively barren pastures and arable fields are
invaded by mining colonies in search of the treasures of the rich
mineral field which lies below.
North and east of Nottingham the younger rocks dip chiefly
to the east, west and south chiefly to south and south-east.
The outcrop of the Bunter runs eastward from Derbyshire to
Nottingham, where it turns through a right-angle and reaches to
the north (following the Permian outcrop) as a belt of undulating
country with a poor dry soil, famed of old for its Forest of
Sherwood, and noted to-day for its ducal seats with their parks
and woodlands, portions of which are of great antiquity. Its
western edge falls away as an escarpment overtopping the
Permian dip-slopes on the lower ground (Fig. 24.B).
"The Bunter. . affords an unrivalled source of water-
supply, due to its capacity for absorbing and storing the rainfall
over its broad outcrop, and to its permeability which allows the
underground waters to be copiously drawn from deep wells in the
formation. The general insolubility of its constituents combined
with their special properties as a filtering medium likewise ensure
a high standard of purity in the water. Hence it serves as a
reservoir for all the towns on or within reach of its outcrop,
including Nottingham, Mansfield, Newark, Retford and many
smaller places; and, recently, Lincoln also has been constrained
to draw supplies from it." (6)
The Keuper marls and sandstones cover a larger area than
any other formation in Nottinghamshire, and are at the same
time the most easily eroded.
" It is curious how persistently the river Trent adheres to the
Keuper outcrop. IIi Nottinghamshire, only once, along the front
of Nottingham city, for about two and a half miles, does it
impinge upon the Bunter, or indeed upon any other formation
than the Keuper; and even here, the aberrance is, as it were,
accidental, the Bunter having been brought suddenly athwart the
river by the down throw of the Clifton Fault."
After receiving the Soar and Erewash the Trent flows in a
north-easterly direction, past Nottingham to Newark, in a broad
trench-like and flat-bottomed. valley, known as the "Vale of
Trent," which separates the Keuper outcrop into an upland on
the north and a lowland on the south. A similar division holds
good for some miles north of Newark, where, however, the
surface relief is on a lower plane. (See Fig. 24.B.)
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As in the case of the Permian and Bunter, the Keuper is
distinguished by a bold escarpment which reaches an elevation
of 508 ft. in Cockpit Hill, near Wood borough, about five miles
north of Nottingham. In this case the feature is capped by
thin dolomitic sandstones, or " skerries."
Gypsum occurs near the top of the formation, and, by its
solution, may account for the broad alluvial hollows near
Ruddington, Cropwell Bishop, Aslockton, Cotham and
Balderton.
A feature of the Keuper area is the occurrence of numerous
"dumbles," or dry, narrow, wooded ravines cut by small tributary
streams through marl and skerry alike.
The Rhsetic beds appear as a cleanly-cut escarpment,
rendered more prominent by the above-mentioned hollows lying
at its foot.
The Lower Lias forms a broad lowland plain upon which the
minor features are little in evidence. In the southern part of the
county, however, a strip of Lower Lias, capped and protected by
boulder-day, forms a plateau of high ground-known as "The
Wolds "-which is prolonged southwards, ever widening, into
Leicestershire, and separates the Vale of Belvoir, on the east,
from the Soar Valley, on the west.
The Vale of Belvoir, with its abundant grass-lands, hedges,
and copses, beloved of huntsmen, is drained by the Smite, a
tributary of the Devon. The western side of the Vale, as stated
above, is formed by what may be termed, without any exaggera-
tion, the "Boulder-day escarpment" of the Wolds, running as
far south as Old Dalby. Near this village the Marlstone outcrop
sets in and gives rise to a dominating escarpment which trends in
a general north-easterly direction, and breaks up into isolated and
picturesquely timbered outliers in the northward- protruding spur
upon which Belvoir Castle is proudly perched. East of Belvoir
the escarpment is deeply notched by the headwaters of the
Devon, beyond which it is prolonged to the north through Lin-
colnshire. (Fig. 24.C.)
Having thus briefly discussed the distribution of the solid
rocks, and the broad physical features to which they give rise, we
will now proceed to consider them in more detail. For this pur-
pose it will be well to take the Coal Measures to be the oldest
rocks in the district, despite the fact that the Carboniferous Lime-
stone and the Millstone Grit both occur at no great distance
from Nottingham, and that the Grit has been reached in borings
for coal at Little Halam and Ruddington.
CARBONIFEROUS.
Coal Measures.-The Coal Measures form only the southern
part of a big syndinal fold (with a subsidiary antidine along the
Pnoc, GEOL. Assoc., VOL. XXIV, PART 4. 1913.) 16
21 0 BERNARD SM IT H ON
Erewash Valley), which contains the coalfields of Yorkshire,
Derb yshire, and Nottingham shire. T he fold or trough trends
north and south parallel to the Permian uplift, but it has also
been affected by secondary foldin g at right angles to this direction,
giving rise to the upturned edges of the coalfield west of
Nottingham.
At their outcrop in th e Erewash Valley the Coal Measures
are over 2 , 5 0 0 ft. in thi ckness, and to this must be added 800 ft.
of higher measures proved in the concealed coalfield. The
following general classification is that adopted by Dr. W. Gibson
for th e Midland coalfields :-
U PPER C OAL MEASURES
MIDDLE COAL MEASU RES
L OW ER COAL M EAStTRES
{
Red sa ndstones an d red marls .
· Gr ey sandstones and shales .
Red marl s and green gri ts •
{ Grey san dston es and shales with}
· numerous seam s of coal • .
{
Grey sandstones and shales with }
• th ree seams of coal: gan nist er
towards th e base. • . .
{ to
500
2,000
r,ooo
Lower Coal Measu res.s-:The Lower Coal Meas ures include
all th e measures between th e Fir st, or highest, Millstone Grit and
th e Silkstone Coal, and assume local importance in th e Erewash
Valley, since they contain th e seam of high-class Kilburn Coal.
The associated sandstones are often laminated and current-
bedded, and are more felspathi c and of finer grain than the
Millstone Grits; perhaps the most important group is the Wing-
field Fl agstones lying a little below the Kilburn Coal. A point
of special interest is the presence of a band of shale, with marin e
fossils, which form s th e roof of th e Alton Coal.
Middle Coal Measures.- The Midd le Coal Meas ures are
d ivisible at the Top H ard Coal into a lower par t over 900 ft.
thick, with workable and persistent coal seams, an d an upp er
part about 1,200 ft. thi ck, in which th e seams are thin and
impersistent . Th e latter are usually found in th e concealed
coalfield. (See Fig. 24.A.)
The Coal seams of the lower group are of great economic
importance, and occur in descending sequence as follows :-T op
Hard Coal (6-8 ft.), Dunsil Coal, Waterloo Coal, Deep Soft Coal,
De ep Hard or Main Coal (5 ft.), Piper Coal, Hospital Coal,
Furnace or Tupton Coal, and Black Shale or Silkstone Coal
( 5- 1 0 ft.) . Of th ese th e Top H ard (Barnsley seam of York -
shire) is the most imp ortant. Its composite character is shown
by th e two following examples of the seam as it occurs near
Not tingham (1) :-
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Cinderhill Colliery.
Soft Coal . . .
Clunch .
Soft Coal
Clunch .
Best Roof
Rifler Coal
Hard Coal
Soft Coal
ft. in.
I I
o 5
I 5
o I
I 2
I 4
2 o!
o 7!
N uthall Colliery.
Soft Coal
Bat .
Soft Coal
Clunch
Soft Coal .
Rifler Coal.
Soft Coal .
Best Hard Coal
Soft Coal .
ft. in.
1 1
o 3!
1 5
I 2
I 1
o 9
o 44
1 5
1 2i
8 8i-
The seams are seldom seen at the surface, but are frequently
exposed in railway cuttings. They occupy the centre of the
syncline west of the Erewash Valley, but bend over on the east
side, where the dip quickly carries them under the Permian
formation. The upper group, as a whole, is distinguished from
the lower group by the absence of thick sandstones. Coal seams
are numerous, but only worked to a limited extent in the Leen
Valley.
Amongst the commoner fossils of the Middle Coal Measures
the genera Anthracomya, Carbonicola and Naiadites are important
because they indicate fresh-water and estuarine conditions.
Marine incursions, however, are known to have occurred in the
Nottingham district in Middle, as well as Lower, Coal Measure
times, and are indicated by beds with marine fossils above the
Top Hard Coal. One of these, the Mansfield Marine Bed, is of
special interest, and appears to occupy a fairly definite horizon,
viz.:-
Sherwood Colliery
Mansfield Colliery
Oxton boring .
Ft. above Ft. above
Clowne Coal. Top Hard Coal.
? 215 733
. 163 629
. ? 103 528
It has a rich fauna, the fossils peculiar to the bed being Nucula,
Pseudamusium, Syncyclonema, Posidonella sulcata, and Pterin-
opecte« carbonarius. In Dr. L. Moysey's fine collection are many
new and varied forms from the fauna and flora of the Middle
Coal Measures, such as the small fresh-water crustacean
Praanaspides pnecursor H. Woods, and forms of BeJinurus and
Eurypterus.
Upper Coal Jlfeasures.-When the cores of the Thurgarton
boring in the Trent Valley east of Nottingham were carefully
examined in 1899, it was found that the higher red measures
were of Carboniferous age, and were the equivalents of the red
sandstones and marls in the Staffordshire coalfield, formerly con-
sidered to be of Permian age. The cores yielded not only Upper
Coal Measure plants, but also showed that these beds were
conformable to the underlying Middle Coal Measures and un-
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FIG. 24.-DIAGRAMMATIC SECTIONS ILLUSTRATING THE GEOLOGY OF THE NOTTINGHAM DISTRICT.-B. Smith.
Length of each Section about 10 miles.
A. Section across the Coalfield, South of Annesley.
B. Section from the Leen Valley, North of Nottingham, to the Trent near East Bridgford,
C. Section from near Stanton, crossing the Wolds and the Vale of Belvoir to the Madstone Escarpment near Long Clawson Station.
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conformable to the overlying Permian formation. The beds
consist of 283 ft. of red Etruria Marls at the base, with their
characteristic green grits-the" Espley Rocks" of Staffordshire.
These are succeeded by 91 ft. of grey Newcastle beds, and these
again by I 88 ft. of red sandstones and marls of the Keele group,
with Coal Measure plants. The Upper Measures are also present
in borings at Gedling and Oxton.
Concealed Coa{fteld.-Much has been written and many
speculations have been made about the limits of the concealed
coalfield. It seems to be fairly certain that its southern
boundary extends not very far south of Owthorpe in the Vale
of Belvoir. Its eastern limits 'have been supposed to extend
some 20-30 miles east of the Trent near Newark (see Final
Report of Royal Commission on Underground Coal Supplies),
but upon this point there is no very definite evidence. It is
indeed by no means certain that the Coal Measures maintain
the steady eastward dip, which they possess immediately east
of Nottingham, up to, and beyond, the Trent Valley near
Newark. Should they eventually be found to rise, or flatten
out, in that direction, the eastward-descending base of the
Permian formation would quickly cut out the major portion
of the productive measures, and thus reduce the limits hitherto
assigned to the concealed coalfield. (22, 24 and 25.)
Earth Movements.-Numerous small oscillatory movements
seem to have occurred during Coal Measure times, for the
lithology and palseontology of the Middle Coal Measures point
to fairly rapid alterations in marine, estuarine, and probably
terrestrial conditions, indicating repeated changes in level j yet
there are no signs of folding or extensive faulting. The move-
ments allowed the measures to accumulate in shallow water, but
downward movements were more frequent than those in an
upwards direction j hence the accumulation of a thick mass
of strata. The upward movements permitted of local contempo-
raneous erosion, indicated by "wash-outs"* in coal seams (due
either to river action or tidal scour) or by rolled pebbles of coal.
Depression and deposition of sediment, with pauses during which
vegetation grew and accumulated, were the chief events until the
end of Carboniferous times, when elevation, folding and disrup-
tion of the strata succeeded, to be followed by wholesale
denudation which swept away thousands of feet of Carboniferous
rocks. The outline and structure of the coalfield had been
almost completed before the commencement of Permian times.
Although rather complex in detail, the coalfield possesses on the
whole a most simple structure, which is very apparent if we
compare it, for example, with the highly faulted Flintshire field.
* Shipman observes one of these" wash-outs' I encountered on the horizon of the
Top Hard Coal in the Newcastle Colliery. It has a width of 500 yds, and was traced for
over a mile. (IS.)
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In the Nottinghamshire field there are two systems of faults,
chiefly of Post-Carboniferous and Pre-Permian age, one set
running N.W. and N.-S. and the other (in smaller numbers)
running N.E. and K-W.
PERMIAN.
The Permian strata of N ottinghamshire represent only the
later or "Zechstein" division of Germany, the "Rothligende"
having no representative. As we trace them northwards from
their termination near Nottingham to the Tyne, the deposits
become increasingly thicker and are constantly changing character.
Near Nottingham the Permian consists of (r ) Basement Breccia,
(2) Marl-slates and Lower Magnesian Limestone, and (3) Middle
Marl. Farther north, however, beyond Mansfield, higher divi-
sions seem to emerge from beneath the Trias, making an addition
to the classification of (4) Upper Magnesian Limestone and (5)
Upper Marl.
Aveline, who first surveyed this area, interpreted this as
implying the unconformity of the Trias on the Permian, and this
view is also held by Mr. J. B. Hill, who followed him. In a few
places near Nottingham, however, there are strong indications of
an upward conformable passage of the Middle Marl into Bunter
Sandstone. Dr. R. L. Sherlock thereupon concludes that, since
the Upper Limestone and Marl are missing in South Notts, it
follows that the passage-beds and some of the overlying Bunter
are of the same age as these Upper Permian strata of North
Notts., and have passed into them by lateral change (29). His
correlation is as follows :-
South Nottinghamshire.
Pebble Beds. f
Lower Mottled Sandstone
(and Passage Beds).
Middle Marl.
&uth Yorkshire.
jPebble Beds.Upper Marl (local).Upper Magnesian Limestone.
Middle C\1 arlo
The Permian has a total thickness of about 222ft. in the
Warsop Colliery, four and a half miles north of Mansfield, but it
rapidly thins down to 184 ft. near Mansfield, to 50ft. near
Hucknall, and dies out near Nottingham. North and east it
increases greatly in thickness, being over 500 ft. at the South
Searle boring beyond the Trent, north of Newark.
Breccia.-Between Nottingham and Bolsover, across the
Yorkshire border, and in all borings to the east, the lowest bed
of the Permian is a hard breccia varying from a few inches to
8 ft. in thickness. North of Bolsover its place is taken by loosely
consolidated sand up to 20 ft. in thickness. The breccia is most
strongly developed near its outcrop, but its occurrence is rather
sporadic near Nottingham. It consists of angular, sub-angular,
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and rounded fragments, up to 3-4 in. in length, of Carboniferous
rocks, with pieces of slate, chert and jasper cemented in a sandy
calcareous matrix, the whole resembling concrete when un-
weathered. The best exposures near Nottingham are in the
Midland and Great Northern railway cuttings at Watnall and
Kimberley respectively. At the Kimberley sidings the breccia,
at a low angle, rests unconformably upon shaly Coal Measures
dipping at more than 15 degrees. (Plate 38.A.) It is 4 ft. 8 ins.
thick at Watnall tunnel.
Marl Slates.-The beds rather inappropriately termed" Marl-
slates" are developed in the Kimberley district as a distinct facies
of the lower part of the Magnesian Limestone, and may be classed
with the breccia as "Basement Beds." They consist of thinly-
bedded flags of impure sandy dolomite, with intercalations of grey
marl or clay. In the G.N.R. cutting near Nuthall they are 17ft.
in thickness, and thicken as a whole to the east, although their
development is variable. They contain plants and shells, and
from the Thurgarton boring they yielded Productus horridus,
J. Sow.
Lower Limes/one.-Near Nottingham the Magnesian Limestone
proper is thin, but presents a relatively wide outcrop owing to
its dip-slope forming the western side of the Leen Valley.
It is more thickly bedded than the Marl-slates, but is still some-
what flaggy, and since it contains some quartz grains mingled
with granules of dolomite it has often been mistaken for
calcareous sandstone in borings. Farther north it becomes
massive in the centre and is characterised by false-bedding on a
large scale and by domes of compact dolomite. It is a pale
grey, cream or brownish-yellow rock, composed mainly of dolomite
crystals, with a variable but small proportion of quartz sand and
a little free calcite. Some varieties are fine and compact, but
usually the dolomite rhombs can be seen with the naked eye.
Its bedding structure and the remarkable development of domes
and arches suggest that the individual grains of dolomite have
been swept, as such, over the sea-bottom, and deposited as an
original sediment. (Plate 38.B.) Open spaces in the rock hold
volumes of water, which, however, is of rather poor quality
and cannot compare with that from tl1e Bunter Pebble Beds.
The rock is well exposed in railway cuttings near Notting-
ham, such as those near Kimberley (G.N.R.), between Bulwell
and Kimberley (M.R.), and the three lines running north near
Hucknall Torkard. Other good sections occur north of Mansfield,
especially near Scarcliff and Bolsover tunnel (G.c. R.). There are
large stone quarries at Bulwell and Cinderhill, where obscure casts
of Schizodus, etc., may be obtained. At present the most southerly
exposure is about 8 ft. of sandy dolomite revealed in an excava-
tion 700 yards south of Aspley Hall, near Radford. In the
Mansfield district there is a local but remarkable development of
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dolomitic sandstone, forming the famous "White" and "Red"
building stones. At Mansfield it lies at the top of the Magnesian
Limestone, but when followed farther afield it is shown to occur,
according to Dr. R. L. Sherlock (29), not at one horizon, but to
be a lenticular mass tilted in a direction opposed to the dip of
the beds. Dr. Sherlock suggests that this is due to the successive
eastward migrations of a sand-bar at a river's mouth, while lime-
stone was being deposited on every side. The presence of
ripple-marks in the dolomitic sandstone at the Chesterfield Road
Quarry, and the footprints of reptiles found in the Rock Valley
Quarry, support the view that the rock was deposited near land.
Middle Marl.-The Permian Marl in the district north-west
of Nottingham consists of bright red shaly clay, or "Marl," with
interstratified green layers and thin bands of hard dolomitic
sandstone. The marl disappears south of Bulwell, either by
thinning out, or by overlap by the lowest beds of the Trias; but
between Bulwell and Hucknall Torkard it is 10-30 ft. in thick-
ness, and it thickens northwards and eastwards to 153 ft. in the
Bevercotes boring. North of Mansfield the Marl (Middle Marl)
is overlain by the Upper Magnesian Limestone, and consists of
clayey and sandy types, both of which contain "skerries" of grey
or red dolomitic sandstone up to I ft. in thickness, and serve to
distinguish the sandy type from the Lower Mottled Sandstone.
The latter also has little or no marl in it except near Nottingham,
where there is the above-mentioned apparent upward passage into
the Trias. This passage may be seen in a section on the Great
Central Railway at the north end of Annesley tunnel. It was
also noticed by Wilson in the railway cuttings at Hempshill, near
Kimberley. A typical section of the Marls, 26 ft. 10 in. in thick-
ness, beneath r a ft. of Bunter, and lying upon the Magnesian
Limestone, is exposed in the Cinderhill Brickworks. No deter-
minable fossils have yet been found.
Upper Limestone.-The Upper Magnesian Limestone occurs
north of Mansfield as two small outliers, 10-12 ft. in thickness,
but it thickens northward, and has been proved in borings to be
also thickening eastwards.
Condition of Deposition.-The Permian deposits of the Notting-
ham district have probably been accumulated in a shallow gulf
or inland sea which gradually invaded the eroded land-surface of
Carboniferous rocks, and the breccia was formed on the slowly
subsiding shore-line.
The southerly attenuation and final thinning out of these
rocks near Nottingham has already been referred to. Where
they disappear the Bunter outcrop steals westward across the
Coal Measures, and is banked up against, or rests unconformably
upon, the uneven surface of the southern part of the coalfield,
which formed in this quarter the margin of the Triassic basin of
deposition.
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TRIAS.
BlInter.-To the north of Nottingham the Bunter is separable
into two sub-divisions, the Lower Mottled Sandstone below and
the Pebble Beds above j but west of Nottingham pebbles occur
throughout the whole series.
On the southern margin of the coalfield, in Derbyshire, the
Bunter is about I 25ft. in thickness j in the Ruddington boring
in South Notts it is 221 ft., and at Nottingham about 250 ft. It
increases rapidly both to north and east of Nottingham, being
494 ft. thick in the Thurgarton boring. At Nottingham the
Lower Mottled Sandstone is about 30 ft. thick, the remaining
220 ft. of Bunter being assigned to the Pebble Beds.
Lower Mottled Sandstone.-The Lower Mottled Sandstone is
of a finer and more loamy texture than rhe overlying Pebble
Beds, of a deeper ruddy colour, and contains a greater quantity
of marl intercalated with the sand. Pebbles also are generally
absent. Strong current-bedding is very conspicuous at times, as,
for example, in the Hemsphill railway quarry near Bulwell, but is
not so commonly developed as in the Pebble Beds. It has been
quarried largely as a moulding-sand near Lenton, Radford,
Basford, and Mansfield. In a few places its base is a band of
breccia or conglomerate best developed in the absence of the
Permian, as at Old Radford, where it is mainly composed of
fragments of the underlying Coal Measure shales, with rolled
quartzite pebbles and an abundance of sub-angular fragments of
felspathic, granitic, and other igneous rocks in a decomposed
state. The boundary between Lower Mottled Sandstone and
Pebble Beds is a vague one j only occasionally does a distinct
line of separation mark the slightly changed conditions of sedi-
mentation.
Pebble Beds.-" The Bunter Pebble Beds of the Nottingham
district are mainly composed of rather coarse sand with
a somewhat sparse admixture of pebbles, which sometimes occur
isolated and sometimes in broken strings and clusters, but rarely
in segregated masses." (6)
The prevalent tint of the sanely portion is pale yellow or buff,
yet in the Forest country it is a dull red, with the highest portion
often nearly white. The larger grains are almost the size of the
oolitic grains of the inferior oolite, and are frequently well rounded,
as if of eeolian origin. False-bedding is as characteristic of the
Pebble Beds as it is anomalous in the Lower Mottled Sandstone,
and the cross-bedded layers have on the whole a northerly dip.
"The sand is sufficiently compact and indurated to form a
sandrock, but is usually not consolidated beyond the point at
which it can be crumbled readily between the fingers. Yet it is
firm enough to stand with a vertical face when excavated and to
maintain its surface for a long time with slight impairment, as it
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perishes very slowly under ordinary weathering. This quality,
combined with its massive structure, strong clean-cut vertical
joints, and few bedding-planes, causes the rock to form bold
crags in many places along its steep escarpment where carved
out by sub-aerial agents, stream-erosion, or human workmanship.
The Castle Crags at Nottingham, rising over 130 ft. above the
river-flat beneath them, afford a magnificent example of the forms
assumed by the Pebble Beds under such circumstances, while
similar crags of less imposing dimensions form a more or less
continuous border to the broad valley of the Trent throughout
the city of Nottingham, gapped only by the short hollows eroded
by temporary rivulets in their descent to the main valley. It is
in one of these dry tributary hollows, flanked by the crags of the
Castle, that the city of Nottingham has had its beginning and
still has its centre, on the line of the old main road which here
found the easiest pass up the bluffs." (Plate 39,)
"While the Nottingham bluffs have primarily owed their
origin to the erosive agency of the Trent, and of its tributary, the
Leen they have evidently been accentuated and pre-
served by human intervention. The Castle Crags. for example,
could not have retained the sharpness of their base when no
longer washed by the river, except by the removal of talus which
would otherwise have accumulated, to the detriment of their
defensive service. The celebrated' Mortimer' stairway cut into
the head of the Castle rock and the chambers on its outer face
are examples of the artificial work that has been carried out in
this easily excavated material. In many other parts of the bluffs,
the rock has been hollowed out for warehouses and other pur-
poses, and the debris removed; indeed, it is still the custom
to excavate rock-cellars under the houses in some parts of the
city." (6)
Numerous natural and artificial exposures occur all along the
outcrop to the north as far as Mansfield, where the rock has been
carved into rock-houses at the eastern end of the town.
On the southern margin of the coalfield the Bunter forms
natural crags near Sandiaere and Dale. Near the latter place
its relation to the underlying irregular Carboniferous surface
is well displayed. Southward-facing escarpments of Carboni-
ferous Sandstones, which formed bold features in the Triassic
landscape, are swamped beneath the covering of pebbly sands,
save where they protrude through the enveloping blanket. In
one case-at Hagg, half a mile N.W. of Dale-large subangular,
or half-rounded. blocks of Carboniferous Sandstone are included
in the sands, which appear to be banked against a buried sand-
stone cliff. "It is impressive in this area to see how the ever-
persistent agencies of denudation are resuming their arrested task
of slow destruction as the long-sheltered surface of Triassic times
is gradually being brought once more under their influence." (6)
PROC. GEOL. Assoc., VOL. XXIV. PLATE 39.
PllOto by //.111. c-»t. Survey.
CASTLE CRAG, NOTTINGHAM, BUNTER PEBBLE BEDS.
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This state of affairs, reminiscent of the buried Triassic landscape
of Charnwood Forest, occurs everywhere between Dale and
Lenton, near Nottingham. The famous Hemlock, or Himlack,
Stone, standing in a grassy depression between the wooded
heights of Stapleford and Bramcote, rises to a height of 3 I ft.
It is a natural pillar due to selective atmospheric weathering,
the capping being a hard conglomerate cemented by barium
sulphate. The conglomerate belongs to the top of the Bunter
and also forms the summits of the two above-mentioned hills.
Near Nottingham also, and in the Forest country further north,
the top of the Bunter is very pebbly and often conglomeratic,
and was formerly considered to be the base of the Keuper (16).
A good section of the junction of these two formations was
exposed on the west side of the G.N.R. bridge, Colwick Road,
Sneinton, in 1910. The Keuper Waterstones rest upon a len-
ticular seam (2 ins. to 1 ft.) of red marl and grit with small
pebbles, and this in turn upon the Bunter. The highest 10 ft. of
the Bunter is a grey or greenish, pebbly, and strongly current-
bedded sand and sand rock with impersistent streaks of red marl
(up to 3 ins. in thickness, with plant remains) locally broken up
into cakes and rolled fragments. The plant remains, discovered
by Mr. R. D. Vernon, are referable to Schizoneura paradoxa
Schimper and Mougeot, and represent the only contemporaneous
fossils yet discovered in the Bunter of Nottinghamshire (28).
"Owing to its absorbent capacity there is very little surface
drainage in the Bunter area, though numerous springs break out
along its base and on low ground at its top where the easterly dip
carries it beneath the impervious Keuper and the pent-up waters
escape, as it were, over the tilted lip. The few streams which
cross it have mostly their source in the springs or in surface-
drainage flowing from the impervious formations on the eastward
and westward.
"Nevertheless, the Bunter country is everywhere characterised
by ramifying valley-systems, clearly the result of erosion by
running waters at some bygone period, but now all or nearly all
permanently dry."
"There has been much discussion as to the original source of
the pebbles and sands of the Bunter. The wasting grits and
sandstones of the Carboniferous no doubt supplied much of the
sandy material, but the majority of the pebbles in the Nottingham-
shire district are of rock-types not found in the Carboniferous
system. They consist preponderantly of smooth well-rounded
stones of quartzite, many being dull-red or 'liver-coloured,'
together with numerous others of vein-quartz, and rarer pebbles
of green and black slates, jaspers, chert, fossiliferous sandstone
from the older Paleeozoics, amygdaloidal lava, felstone and green-
stone. The quartzites as a group bear a strong resemblance to
some of the pre-Cambrian quartzites exposed in the outcrops at
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Hartshill, near N uneaton, and on the flanks of the Wrekin, while
the Ordovician age of some of the sandstones is proved by their
fossil-contents. The size of the pebbles, while variable, is usually
not larger than a hen's egg. Some of the pebbles may have been
derived secondarily from an older conglomerate, which would
account for their extremely well-rounded form; but in any case
they must have been transported from afar to reach their present
sites. By some authorities it is held that the general direction of
travel has been from the north or north-west, while other writers
have suggested that the transport was more probably from the
west or south-west. However this may be, it is evident that in
these beds we see the re-arranged detritus from a wasting land of
wide extent, wherein the lower basins were overspread and partly
filled with far-travelled wash from the uplands." (6)
Keuper.--The Keuper of Nottinghamshire is roughly separable
into two divisions, the Waterstones below and the Keuper Marls
above, the thick Lower Keuper Sandstones of the Midlands being
unrepresented. In thickness the Keuper varies from 748 ft. at
Owthorpe in the south to about 900 ft. near Newark on the east.
Near Nottingham its average thickness is nearer 700 ft.
No sharp division can be drawn between Waterstones and
Keuper Marls in the Nottingham district, for they merge insensibly
into each other; yet the Waterstones are characterised by the
prevalence of sandstones of brown or deep red colours, while the
marl is mainly of finer clayey sediments enclosing thin sandstones
of a grey tint.
Waterstones.-The Waterstones, compared with the Marls,
present great varieties in thickness and composition. Measuring
near Nottingham some So-r oo It., they swell out to more than
double this thickness near Tuxford and Newark-on-Trent. West
of Nottingham they are cut out for some distance by the
Clifton Fault (pp. 231-2), but reappear in attenuated form in the
Erewash Valley. At Dale they are never more than 20 ft. in
thickness. Still farther west, near Morley, in Derbyshire, they are
overlapped by the Keuper Marl, or themselves overlap the upper
portion of the Bunter.
To the east of the Coalfield we frequently find at the base of
the Waterstones patches of hard grey or green calcareous con-
glomerate from an inch up to 2 ft in thickness, lying in hollows
of the Bunter surface. This and other indications render it
probable that there is a certain amount of unconformity between
Keuper and Bunter even when normally developed.
The greater part of the Waterstones above the basement con-
glomerate consist of red marls and shales, with intercalations of
ripple-marked red, brownish-red, and whitish porous sandstones
and compact dolomitic sandstones. The thicker beds of sand-
stone occur mainly in the lower part of the series, but may also
be developed at higher horizons.
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The Green Beds of the UTaterstones.-The base of the Water-
stones is well exposed in the above-mentioned cutting on the
west side of the G.N.R. bridge, Colwick Road, Sneinton, where
the incoming of a set of beds peculiar to the district is faintly
indicated. These beds, which were recognised by Aveline as
forming the lower part of the Waterstones in the allerton dis-
trict, consist of some 20-25 ft. of clays, shales, and sandy shales,
chiefly of grey-green or bluish tints. From Retford, in the
north, to Oxton, in the south, the green beds have a continuous
outcrop, which, I have no doubt, will be found to continue from
that place over the intervening six miles to Nottingham (30).
In borings they have been traced underground over a large
area, vi:&., from Clipston and Owthorpe, in the Vale of Belvoir, to
beyond Gainsborough in the north and Lincoln in the east.
They are important because they rest upon the Bunter Pebble
Beds, the upper surface of which is thus fixed with certainty. It
is hoped that in the future their usefulness may be of more than
local application. The small development of these beds at
Sneinton is probably due to the area having been the site of, or
at least near to, an unstable shore-line.
Normal Waterstones.-The best exposures of the normal
Waterstones near Nottingham are in the Midland Railway
cuttings between Sneinton and Colwick, and in those of the
G.N.R. branch-lines between Daybrook and Gedling, Sherwood
and Sneinton, and in the lower of two quarries of the Bulwell
Brick Co., The Well's Road, Nottingham.
Fossils are scarce, and often fragmentary or of doubtful origin.
Authentic finds, however, are those of the late Edward Wilson of
a shoal of fish (chiefly Seminotus Sp.) and plant remains near
Colwick Wood (18), and of a Labyrinthodont footprint by the
Rev. A. Irving from an adjacent cutting on the Midland Railway.
Quite recently Professor H. H. Swinnerton has collected another
series of fish-remains with both reptilian and amphibian footprints
in the Waterstones at Mapperley Park, and footprints at Cockpit
Hill. " The fact that ten distinct types of footprint have been
found in and around Nottingham indicates that the Trias of this
district is by no means barren, and gives basis for the hope that
some day exposures may bring to light organic remains of supreme
importance (3 I )."
Ripple-marks, salt pseudomorphs, and sun-cracked surfaces
throw light on the physical geography of the period. Gypsum is
occasionally present in thin veins or strings but never so abun-
dantly as in the overlying marls.
The brown sandstones have been quarried for a poor
variety of building-stone and the green basement clays are
dug for pottery, bricks, tiles, etc., at Farnsfield, Wellow and
Bothamsall.
Keuper Marl.-The Keuper Marl is superior both in thick-
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ness and breadth of outcrop to the Waterstones. Though of a
clayey texture the marl is mainly a siliceous silt with carbonates
of lime and magnesia in varying proportions. Where well ex-
posed, its stratification is conspicuous, the bedding-planes being
in some parts so closely spaced that the rock is laminated, shaly
and even ripple-marked, while in others it is more thickly bedded
and breaks with a conchoidal or "marly" fracture. The
stratification is accentuated by the presence of pale-greenish
bands which usually contain a larger proportion of fine loamy
sand or silt.
At frequent intervals the marls are varied by thin beds of
sandstone, locally termed" skerries." Sometimes two or three
are closely spaced, forming, with their associated shales, a " skerry-
belt." Such a belt behaves on weathering somewhat like a
thicker skerry; in fact, where drift is absent, the features due
to skerry-belts add considerable variety to an otherwise mono-
tonous landscape. In such cases they form either long even-
crested ridges or plateaux, from which gently-terraced slopes
descend to the valleys. The plateau known as "The Plains,"
immediately to the north-east of Nottingham, furnishes a typical
example. (Plate 40.A.)
By systematic mapping these skerries have recently yielded
to classification into a lower series of pale fine-grained ripple-
marked sandstones, ranging upwards to about 370 ft. above the
Waterstones, and a higher series of more siliceous sandstones
with less dolomite (27).
In the first group two belts, occurring at about 50 and 100 ft.
above the Waterstones, and often forming the main Keuper es-
carpment, are of consequence from their scenic effects in the
country north of the Trent.
These dolomitic sandstones have been much quarried for
local building purposes and nearly every church on the outcrop
has some of the stone in its fabric. The Trent Bridge at Newark
is built of stone from Maplebeck and the lront elevation of the
Castle is faced with the same. The Old Bishop's Palace at
Southwell is also built of skerry.
Skerries of the second type are scarcer, thinner and less
persistent than those of the lower series; they form however
some prominent features in the upland north-west of the Trent
Valley from Newark, and are probably equivalent to the skerries
of Scarrington and Hawkesworth in the lowland south of the
Trent.
It was discovered that some of the skerries consist of quite
50% of dolomite, but this was not surprising because isolated
rhombs of dolomite had previously been detected by Dr. Cullis
in the fine clayey marls, which themselves. differ from point to
point and occur in lithological belts of great horizontal extent.
It is common to find a skerry overlain by sandy shales which
l'ROC. GEOL. Assoc., VOL. XXIV. PLATE 40.
Photo by H.llf. Geol. S'u-rue y,
A,-KEUPER MARL, THOlmEYWOOD STATION, NOTTINGHAM.
Photo by H.M.
B.-IRONSTONE WORKINGS, WARTNABY.
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Mixed gypsum and blu e marl • • 3 to
Red marl with nodule s of gy psum connected by
fibrous band s .
Red marl . . .
Gypsum (top whitt roc/<)
Red marl . • • • •
" Cak es " of gypsum in rows ( ridtrs)
Red marl. . .
Gypsum (midd!t whitt roc/<)
Red marl . .
Gyp sum ( Mut rocl<)
Red marl . • . • •
Gyp sum (bottom whitt roc/<) . .
A tr ial hole continues the section :-
Red marl with two rows of " cakes " of gy psum
Gypsum (b!ut roc/<)
Red marl
Gyps um
pass gradually upwards through sandy marl, showin g rippl e-marks,
into fine homogeneous marl.
The upper 100 ft. of the Keuper Marl is, on the whole, of
a fine-grained type, and contains workable beds of massive
gypsum. The chief depo sits lie near the top of the formation,
terminating about 30 ft. below th e Rh eetic beds. Details of
the section visible (1905) in the extensive workin gs of Messrs.
Cafferata and Co ., at the foot of Beacon Hill, Newark, are given
below (3): -
Total, about 61 6
Other good sections, of som ewhat similar depth and
character, occur two miles farth er south at th e Bowbridge Works
of th e Vale of Belvoir and Newark P laster Co., and at Messrs .
Cafferata's quarry at Hawton, a few hundred yards from the
Bowbridge quarry.
Gypsum from the same ho rizon was once dug extensively at,
and near, Orston, It is also worked near Cropwell Bishop by the
Gotham and Snaith Plaster Companies. In both cases the
gypsum is now extracted by means of underground galleries
driven, as in mines, along the more promising beds. "Balls " of
gypsum of high q uality occur sporadically in the higher part
of this belt, and vary in size from six to ten ft. in hori zontal
diam eter. Farther west near Thrumpton, Gotham, and East
Leak e gypsum is obtained from a lower horizon.
At East Bridgeford, south of the T rent, fibrous gypsum or
" satin-stone," formerly supported a consid erable village industry,
the rock being fashioned int o beads and other small ornaments
such as bowls, artifi cial fruit , and ink-stands.
Salt pseudomorphs are extremely abundant, occurring chiefly
upon the under surface of the san dstones ; but only one sun-
cracked surface has been det ected by the writer in the Keup er
Marls of East and South Nottinghamshir e.
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Tea-green Marl.-The red colour prevalent through the
greater part of the Keuper Marl is lost in the uppermost beds
which are of a pale greyish-green tint and are therefore known
as the Tea-green Marl. Thus the top of the Keuper is in some
respects similar to its base, inasmuch as grey-green clayey beds
occur in both positions. Except in colour, however, the Tea-
green Marl differs hardly at all from the red marls. It is IS ft.
thick at Beacon Hill, Newark, where its junction with the Rhsetic
is exposed, but increases to over 20 ft. in a south-westward
direction.
Conditions oj DepositirJn.-Both Waterstones and Marl appear
to have been deposited in a wide but shallow inland sea or salt
lake lying near an upland (the site of the now exposed coalfield)
where arid Continental conditions prevailed. From this land
much debris was swept down by occasional floods, which also
temporarily increased the extent and depth of the sea. The floor
of the sea was at the same time sinking almost as rapidly as the
sediment built it up.
The Waterstones at their outcrop-s-especially at, and west of,
Nottingham-bear evidence of shore* and lagoon conditions by
the presence of a basal conglomerate, the abundance of sandstone
and sandy shales, the frequency of salt-pseudomorphs, ripple
marks and sun-cracks, and the mode of occurrence of their scanty
fossils. Farther eastward, on the other hand, the Waterstones,
when penetrated in borings, are hardly distinguishable in composi-
tion from the Keuper Marl, which, in this direction, appears to
have been an off-shore deposit in quiet waters. The dolomite
rbombs may have been deposited directly from solution, but have
probably been drifted for some distance, along with the detrital
fragments derived from older rocks. Wind-borne sand and dust
were also added to the sediments.
The irregular repetition and wide extension of the skerry-belts
suggest that they may represent occasions when the area was
temporarily invaded by more powerful currents, due to flood-
waters, each skerry-band being the result of a single flood, and a
skerry-belt marking a period of several wet seasons, following
periods of greater drought, during which only the finer sediment
was accumulated (27).
The gypsum is believed to have been originally deposited
as a chemical precipitate from the evaporating waters of the
inland basin. There has probably, however, been much
re-crystallisation and concentration (e.g., in the fibrous form) since
it was first precipitated.
Rhtetic.-The base of the Rhtetic in Nottinghamshire is
sharply marked off from the Keuper. If there is discordance
between the two it is of small amount. Upward the Rheetic
*As we have seen above, the southern rim of the coalfield formed a boundary to the
basin of deposition from early Bunter times.
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Beds are conformable to the Lower Lias, to which they seem to
be closely allied. The fossils, although marine, are dwarfed and
of peculiar types which suggest that the conditions were un-
favourable. The Rheetic is therefore considered to mark the first
inroads of the sea upon the enclosed region in which Keuper
conditions had hitherto prevailed. The common forms are
Schizodus conan/rims (Moore), Modiolll minima J. Sow.,
Protocardia rhatica (Merian), Plena am/or/a (Portl.) [=Avieula
con/or/aArectt], Pullastra arenicolaStrickl, j with fish and reptilian
remains.
Lithologically the Rhretic falls into two divisions, together
totalling 30 ft. in thickness. The lower, or Aoicula-contorta
shales, averages about 15 ft., and consists of black, thinly-
laminated fossiliferous shales with occasional sandy layers, and
the basal bone-bed of sandy or earthy texture. The upper
division is composed of about 18 ft. of light bluish-grey marl
interbedded with a few thin bands of compact argillaceous
limestone, usually more or less nodular and disconnected. One
of the limestone bands, a fine-grained hard splintery paste-rock,
affords a convenient upper boundary to the series. In this sub-
division fossils are more scarce. (See Fig. 24.C.)
The outcrop occupies the middle and upper slopes of the
small but prominent escarpment which bounds the Liassic area.
The.best sections occur at Newark, at Blue Hill near Colston
Basset, and near East Leake and Barrow-upon-Soar. A fine
section, now grassed over, was formerly exposed in the Barnstone
Railway cutting, and a good exposure of the black shales was once
visible in the cutting and tunnel at Stanton-on-the Wolds (17).
The Newark expos rue, referred to above, occurs at the top of
an old gypsum quarry at Beacon Hill, on the south side of the
Sleaford Road. The highest beds are now obscured. The
section was in two positions as follows (abridged) (3) :-
1. Upper section, near dilapidated cottage.
Grey sandy micaceous marls • • • •
Darker shaly marls with a band of sand at base.
Black shales with A vicuta contorta
ft. in.
8 I
I 4
4- 3
I3 8
2 . Second section, intermediate between the Red Marl
workings and the section above described.
ft. in
Soil. • • . . • • • . . • 2 3
Brown, slate-grey and black shales, sometimes micaceous,
and with sandy beds near base containing Avicula
con/arIa. . . . . • • •• 5 0
Black fossiliferous shales with layers of shelly sand stone II 3
Grey ma rl at bot tom.
I8 6
P ROC. GEOL. Assoc. , VOL. XXIV, PART 4, 1913.J 17
BERNARD SMITH ON
A few fish-scales and fragments of bone occur in the black
paper-shales, but the basal bone-bed is absent. The junction of
the Rh tetic with the Tea-green Marl is quite abrupt, without ,
however, showing recognisab le unconformity.
Most of the Upper Rh setic was exposed in 1906 in a quarry
on the left bank of the Grantham Canal at Blue Hill. Some
r j ft. of blue-yellow calcareous shales and marls, with thin beds
of concretionary limeston e, overlie black " paper- shales" at water-
level, containing Put/astra arenieola Strick!.? and Sclzizodus?
eoneen/ricus ? (Moore). The highest bed of limestone contains
M odiola minima J. Sow., and the lowest of the clays and marls
yield some obscure bivalves. The canal cutting has crossed all
the strata from the Tea-green Marl to the Lias, but is now much
ob scured. In this cutting about 4 ft. more of the Upper Rh setic
could be recognised, making 17ft. in all.
JURASSIC.
Lower Lias---The Rhretic dip-slope is covered by the lowest
beds of the Lower Lias, whose broad outcrop covers much of the
southern and eastern parts of the area we are deal ing with-from
Collingham and Newark in th e north to Barrow-upon-Soar in the
south. In the Vale of Belvoir its calculated thickness is about
670 ft., as compared with ab out 700 ft. proved at Grantham in
Lincolnshire. The Lower Lias of the Vale of Belvoir may be
conveniently separated by lithological characters into the following
subdivisions, in descending order, their relations to the Ammonite
Zones being also indicated.
Thickness
It .
:} 30 0
150
:} 200
20
Zone .Division.
Clays.
{
Upt onia capricornus .
Uptonia jamesoni .
. Deroceras armatum .
Echi oceras rar icosta tu m
Oxynoticeras oxyn otum
Belt of sandy shale with iime stone }
Clays with thin limestones . : Arn ioceras semicosta tum
The Ferruginous Limestone . .
Clays below the Ferruginous Lime-} Cor oniceras buckla ndi
stone . . . . . . Schlotheimia angulata
The Hydraulic Limestone Series . Psil oceras planorbis .
The Hydraulic Limestones consist of bluish-grey laminated
shales with numerous intercalations of flaggy argillaceous
limestone of paler tint. The series is extensively quarried
for the manufacture of cement, paving slabs, etc., at Barrow-
upon-Soar, Barnstone, and Owthorpe, at which places distinctive
but local names, such as "Twin Floors," "Thick Floor," "Cap,"
or "Slab Floor," arc: given by the quarrymen to the different
beds of limestone.
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The beds contain a fairly rich marine fauna with the zonal
ammonite Psilocerasplanorbis (J. Sow), and numerous and varied
remains of saurians and fish.
The following section was measured by Mr. H. B. Woodward
in the quarries of the Blue Lias Lime and Cement Company at
Barnstone a little over a quarter of a mile south of the church.*
Contorted clayey soil and drift . . •
Pale argillaceous limestones (two) and clay.
Racy clay. . . . . . .
Two or three thick and thin beds of limestone
Grey sha le . . . . . . .
Best stone; pale and banded earthy limestone
Shale . . . . . .
Two or three beds of limestone .
Shak. . . • . . .
Limestones, wavy-banded and pyritic.
Shale. . . . . . • .
Grey argillaceous limestone (" Bottom floor ")
ft. in.
2 0
2 0
2 4
I 8
2 6
o 9
I I
I 4
I 7
I 6
I 6
o 8
18 II
The beds dip to the S.E. at an angle of about 2 deg. Good
specimens of fossil fish are occasionally obtained from this
quarry, and also the remains of I chthyosaurus and Plesiosaurus.
The zonal ammonite is rare and poorly preserved. Amongst
other fossils are Lima gigantea (J. Sow), M odiola minima J. Sow,
Ostrea irregularis, Miinst, and Ostrea liassica, Strick!. A
Plesiosaurus skull from the Owthorpe quarries is preserved in
the Nottingham Museum.
The long dip-slope of the Hydraulic Limestones descends
gently towards the ground occupied by the clays below the
Ferruginous Limestone-dark blue fossiliferous clays with
impersistent bands and nodules of limestone. The lowest beds
of the zone are well exposed in the quarries at Barrow. About
one-third of the way up in the division there is a clustered belt
of three or four beds of limestone with clays and shales, which
forms a prominent escarpment near Granby in the Vale of
Belvoir. At the top of the zone Gryplttea incurva occurs in
thousands.
The Ferruginous Limestone Beds represent the southerly
thinning out, or replacement by clays, of the 27 ft. of strata
containing the valuable Frodingham ironstone of Lincolnshire.
They include some poorly exposed layers of ferruginous limestone
not more than 2 or 3 ft. in thickness, which form a fairly definite
escarpment, but lose their ferruginous character S.W. of Harby,
The best exposure is now to be seen in the banks of a pool near
the Manor Farm, Barkestone, where Arnioceras semicostatum may
be collected.
When traced south-westward the thin limestones in th e over-
• " The Jurassic Rocks of Britain," vel, iii (Mellt. Geo], Surv.) 1893. P.172.
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lying clays also become less and less conspicuous. Echioceras
raricostatum ] (Zeit) is abundant in a pond section 300 yds, N.E.
of Barkestone Vicarage. Another horizontal change in lithology
is shown by the upper part of the Sernicostatus zone. This
appears north of Belvoir as a sandy belt, which becomes more
and more pronounced as it is followed south-westward to the
point where it disappears beneath the boulder-clay of the plateau.
Its outcrop is thus 12 miles in length and forms the sharp rise
occupied by the villages of Long Clawson, Nether and Upper
Broughton. At these places the bed is over 10 ft. thick, con-
sisting of sandy shale with irregular lenticles of hard fossiliferous
calcareous grit, with Echioreras raricostatum and Arnioceras semi-
costatutn, (See Fig. 24.C.)
The clays above the sandy belt are poorly exposed 111 the
Vale of Belvoir. They contain a few nodular lumps or slabs of
fossiliferous limestone, as well as small ferruginous concretions.
They are pierced by the shafts of the tunnel at Old Dalby, and
many of the characteristic fossils of the Oxynotus, Arrnatus and
Jamesoni zones may still be collected from the spoil heaps.
Formerly the Oxynotus zone could be examined in the
tunnel itself. Amongst the fossils of interest are the corals M out-
livaltia if. mucronata Dunc., and M. if. radiate Dunc., and the
ammonites Acantltopleuroceras brevispina (]. de C. Sow), All/al-
theus? c/. trivia/is (Simps.), if. Platyp/euroceras lataecosta (J. de C.
Sow), and Ox)t:(Iticeras oxynotum (Quenst.).
In Stapleford Park (Rutland), further to the S.E., the jarne-
soni zone is again exposed, and the Capricornus zone has been
detected in the neighbouring railway cuttings (5).
Middle Lias.-The Middle Lias of the Vale of Belvoir runs
south-westward from Belvoir Castle in a bold, straight and pic-
turesquely wooded escarpment to Stathern, and is continued
thence in the same direction through Harby Hills to near Long
Clawson Station. Here it throws out a long narrow spur ex-
tending as far westward as the Midland Railway at Old Dalby.
The Middle Lias is separahle into two divisions as under;-
Platypleuroceras I f
. f 40 t,spmatum
Division.
The Marlstone :-
(c) Fe~~~~ous Limestone and Iron.),
(b) Sandy Iimestone-e-" Sandrock"
(a) Thin bedded calcareous sandstones
and sandy shales
Blue clays and sandy clays with nodular {
limestones
Zone.
Amaltheus
margaritatus
Thickness.
J 100· 120 It.
The characteristic ammonite (A. margaritatus) of the lower
zone, though abundant in the neighbourhood of Grantham,
6 miles north-eastward, has not yet been found in the Middle
Lias clays of the Vale, and in the upper divis ion the zonal
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ammonite (P. spinatum) is of extremely rare occurrence. By
far the commonest fossils of the Marlstone are the brachiopods
Rhynchonella tetrahedra and Terebratula punctata, which occur
in countless numbers, clustered into globular masses: associated
with them are many lamellibranchs and belemnites.
The lower division is very similar in character to the under-
lying Lower Lias, and is sparingly fossiliferous, whereas the
Marlstone division, by its superior hardness, gives rise to the
bold escarpment which marks its outcrop. This outcrop is
separated into three main areas by drift-filled troughs near
Eastwell and Scalford, and a smaller outlying patch near Old
Dalby Wood. Belvoir Castle occupies a commanding position
upon a small outlier of the Marlstone. In the larger outlier
forming Blackberry Hill, south of Belvoir, the ferruginous rock is
8 ft. thick. Sandrock is quarried on the Terrace Hills. It also
forms the crest of the escarpment in Stathern Wood, and may be
seen in section along the footpath from Stathern to the wood.
Sections in the overlying ironstones lie further to the east.
The best exposure of the basement beds of the Marlstone is
in the deep cutting on the mineral railway, about ~ mile north
of Holwell. The sandrock was formerly much used locally as a
building-stone, and several small quarries may still be seen at
Holwell, Ab Kettleby and Stonepit Spinney ~ mile north-west
of Wartnaby.
Ironstone (5).-The winning of the ironstone in recent years
is the revival of an ancient local industry, which has led to a
rapid development of the field, large quantities of ore being
supplied to distant as well as local furnaces. This ferruginous
horizon of the Middle Lias sets in near Market Harborough, in
Rutlandshire, and dies out near Leadenham, in Lincolnshire,
reaching its maximum development in the Belvoir district. It
also includes the well-known Cleveland Ironstone of Yorkshire.
The profitable ore averages 10 ft. in thickness, but over large
areas the thickness rarely exceeds 7 ft., while 14 ft. may be taken
as a maximum.
" The ironstone varies in character according to the degree
of concentration and weathering, from a soft earthy variety con-
taining very little lime to a hard ferruginous limestone, with inter-
mediate types in which the concentration and weathering has
been partly accomplished. In the soft stone the body of the ore
has a deep yellow or light mahogany-brown colour. Along
joints, cracks and bedding planes the iron-salts have been con-
centrated in veins of a deep red colour, up to 3i in. in thickness,
producing a general concretionary and cellular appearance. Thin
films of black oxides of iron frequently coat the joint faces and
usually indicate the richest parts of the stone. Oolitic grains are
obvious to the naked eye" (5).
Harder stone of the intermediate type occurs at Wartnaby
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and to the south-east of Eastwell. At the former locality the
stone lies under boulder clay, and at the latter under the clays of
the Upper Lias. The ferruginous limestone type is only worked
as an ore at Harston, in the Belvoir district. The origin of the
ironstone is probably similar to that of Cleveland, viz., by the
alteration of an ordinary limestone through the percolation of
water containing carbonate of iron in solution. The first step is
the replacement of the calcite by ferrous carbonate. This is
followed by the oxidation of the latter and the formation of
brown heematite. At this stage a general diminution of the
strata takes place amounting to as much as 12 per cent., and
results in the formation of open joints and increased porosity of
the strata. Further concentration of the iron is due to the
strongly chalybeate waters of the inner portion of the rock
meeting fresh oxygenated waters, resulting in the precipitation of
hydrated peroxide of iron along certain definite planes.
Ironstone workings have extended more or less continuously
along the outcrop from Wartnaby to the Terrace Hills near
Belvoir, but in some parts the ore is now nearly exhausted.
There are also extensive workings at Woolsthorpe, Harston and
Denton to the east of Belvoir.
"The method adopted in working the ironstone is that
technically known as open cast. A trench is first cut in a straight
line, and the stone is then removed along either one or both
faces: The soil, subsoil and any unprofitable material is strewn
over the surface laid bare by the removal of the ore and crops
are almost immediately planted on this new soil, so that there
shall be as little interference as possible with agriculture.
The ore is generally sent to the furnaces in a raw state, but it is
occasionally calcined on the spot" (5).
In the richer ores the metallic iron rarely exceeds 40 per
cent. of the rock, and in the limy stone of the Harston area it
falls below 30 per cent.
"The most westerly of the workings, and geologically the
most interesting, is close to Stonepit Houses, 1,000 yds. W.N.W.
of Wartnaby Church. At this place the ironstone has been
followed up under a rapidly thickening cover of boulder-clay
which is 15ft. deep in one part of the pit. This clay has
partly protected the madstone from weathering, so that instead
of being a friable earthy stone, as it usually is in the shallower
workings, the rock is a dense calcareous ironstone, rusty-brown
along all the joints and for a little way in from them, but dark
blue or greenish in the middle of the blocks. This ironstone is
from 8 to 14 ft. thick, with the usual "sandrock" below. It
has an extremely irregular hummocky surface beneath the drift,
and in several places the tops of the hummocks show glacial
striations as described in a later chapter. [See Plate 40.B.]
When the section was examined in 1906, a deep "gull" or
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crevice 4 ft. in width was visible in the top of the rock at the
entrance to the workings, into which a mass of blue shaly Upper
Lias clay had been let down and preserved, forming a sharp
little syncline. Among other Upper Lias fossils the clay con-
tained in abundance the characteristic ammonites-Dacrylii7ceras
annulatum (]. Sow) and Harpoceras serpentinum (Rein), along
with Belemnites unisulcatus? Blainv" (5).
At a later date (1908) two other "gulls" were discovered
filled with fossiliferous Upper Lias clay. The larger one also
contained boulder-clay. The presence of this material in the
crevices denotes that they were formed before the covering of
Upper Lias had disappeared from the plateau, while the
conditions in the larger crevice show that the ice of the Glacial
Period played a large part in removing all except these well-
protected relics of the formation from the more exposed portions
of its outcrop.
Upper Lias.-The Upper Lias consists almost entirely of
blue more or less shaly clays, of which the total thickness in
south-west Lincolnshire has been estimated at about 120 ft.
The formation has been subdivided into the following groups
in ascending order :-
(a) Dumbleton Beds (=Annulatus Beds).
(b) Serpentinus Beds.
(c) Communis Beds.
(d) Leda ovum Beds.
All the Upper Lias strata seen in the ironstone-quarries have
been assigned to the Dumbleton Beds. The" fish and insect"
fauna is distinctly noticeable in a layer of flat nodules of cream-
coloured limestone resting directly upon, and often welded on
to, the surface of the Marlstone. The relative abundance of
Dyctyiioceras annulatum (J. Sow) accompanied by forms closely
resembling, if not identical with, Harpoceras exaratum (Blake), is
a clear indication of the horizon of these beds (5).
Earth mouements.»-:The Jurassic rocks are separated from the
overlying Glacial deposits by a huge time interval, during which
various earth-movements took place and were accompanied, or
followed, by prolonged denudation, which stripped away any
younger rocks and reduced the country to a state somewhat similar
to that of the present day. One of these sets of movements,
of early Tertiary age, gave their eastward tilt to the Permian and
Mesozoic strata, now reduced by erosion to a series of scarped
ridges and dip-slopes. Another set of movements, perhaps of
the same age, resulted in the formation of faults, which, however,
can only be classed definitely as post-Triassic. At the southern
end of the coalfield some of the faulting is later than the Keuper
Marl. A little to the east of Lenton Hill an east-west fault has a
throw of 240-27° ft. in Trias. In Clifton Colliery this same
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fault throws 285 ft. in Coal Measures, and is therefore mainly
newer than the Keuper. To the south again a second fault
throws 153 ft. in Deep Hard Coal and affects the Trias to the
same extent. Small faults in the Trias are therefore of import-
ance, for they may have taken place as a result of a second
movement along a pre-existing fault in the underlying Coal
Measures, in which case they will be greater in the Coal Measures
than in the Trias.
GLACIAL DEPOSITS.
Upon the retreat of the ice the glacial deposits of the
Nottingham district covered a much greater area than they do at
present. With one exception they occur chietly as isolated
patches of boulder-clay, sand or gravel, having a distribution
which implies that the greater part of the country has been
glaciated. The area now occupied by the Trent basin south-
west of Nottingham seems to have been the cockpit where
tongues of ice from various directions strove successively for
territorial rights; consequently the true relations of the drifts
found in this area are difficult to establish (20).
If any true boulder-clay was ever deposited in the Trent
Valley it has been either entirely removed by denudation or is
still concealed beneath river deposits. Patches of drift occur On
both sides of the Leen Valley, containing boulders of Carboni-
ferous Sandstone and Lake District volcanic rocks. Near
Annesley the deposits contain Jurassic limestone. In all these
deposits, which are chiefly gravelly, chalk flints are practically
absent.
At Blidworth, in the Forest Country N. of Nottingham, the
hill is capped with 60 ft. of boulder clay resting on sand and
gravel to the south and west. The so-called "Druidical
Remains." about half a mile W.N.W. of the church, seem to be
merely a small outlier of gravel cemented to a hard conglomerate.
In arrangement and composition the Blidworth drift resembles
that of Fishpond Hill, between Mansfield and Skegby. It
contains much Magnesian Limestone, Carboniferous rocks, such
as Limestone, sandstone and Millstone Grit, besides various
basaltic and Lake District rocks. Among the latter the writer
discovered a garnetiferous granophyre, like the Blea Crag rock,
several crushed greywackes, and a boulder of Shap Granite
1~ ft. in diameter, probably one of the most southerly examples
of this type yet recorded. A large patch of tough red boulder
clay with sand and gravel rests on Keuper east of Kneesall. The
clay contains boulders of dolomite, and Dalton also recorded
Chalk and Oolitic ragstone. From the gravel were collected rocks
from the Carboniferous, Permian, Triassic and Jurassic forma-
tions. Boulders of dolorite, like that of the Whin Sill, and of
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rhyolitic breccia were also found. Similar deposits occur near
Leyfields and Wellow (see fig. 25).
Farther north spreads of gravel lie on the Keuper Upland
near Grove and Gringley. Amongst these there is an abundance
of large boulders of Magnesian Limestone and Millstone Grit,
and several of Jurassic rocks . Other patches of drift occur west
of Retford in the Forest country.
All the above depo sits, chiefly lying north and west of the Trent
Valley, app ear to have been formed by ice moving southward
down the Vale of York almost parallel to the outcrop of the
Magnesian Limestone, but with a slight movement towards th e
Trent. The Lak e District rocks in all probability travelled via
Stainmoor down the T ees valley-picking up Whin Sill and Car -
boniferous boulders til route-past Northallerton, and so on to
York, The two flanks of the Vale, east and west of York,
FIG. 2 5.- G LACIAL SAN D AND G RAVEL, KERSALL LODGE.-B. Sm itll .
furnish ed the oth er foreign mate rial, Carboniferous and Permian
being most common in the western drifts (Leen Valley, Blidworth,
etc.), whilst Jurassic and Cretaceous are commoner in the more
easterly deposits (Grin gley, Grove and Kneesall) which occupy
the central line between the Oolitic escarpment of Lincolnshire
and the Permian dip-slope of Nottinghamshire.
Farther east we should expect to find more Lias and Chalk
in the drifts, with rocks from the western side more sparsely
represented, but with tho se from the distant Tees Valley perhaps
as frequent as before. This is what we actually do find: for on
the eastern side of the Trent Valley, on the Liassic outcrop, lies
the western fringe of the Great Chalky Boulder Clay. Its matrix
is there Liassic, but it encloses quantities of Chalk from th e
Lincolnshire and Yorkshire Uplands.
Mr. F. W. Harmer has shown that in Lincolnshire the ice
234 BE RN AR D SMIT H ON
moved from north to south, following the line of the Ool itic
escarpment ; that is to say, almost parallel to the ice which
moved southward along the Permian outcrop in Nottinghamshire.
There is a possibil ity, therefore, that these two sheets were at one
time continuous, or at least contiguous, and moved in the same
southerly dire ction, yet this would not necessarily imply that
the maximum extension of ice was contemporaneous on both
sides of the Trent Valley.
About the latitude of Grantham the ice carrying the chalky
drift swung south-westward, again following the general trend of the
Ooliti c escarpment. With this di rection of movement it invaded
our district, crossing the Vale of Belvoir and leaving the th ick
sheet of boulder-clay upon the Wolds and Marlstone escarpmen t.
Wh en preserved from denudation this boulder clay has a smooth
and gently undulating surface, and is sometimes over 100 ft. thick
where it has levelled up irregular features in the underly ing
clays (Fig. 24.C).
A record of glacial striations, noticed by Dr. J. J. H. T eall
and others, on the Hydraulic Limestones in Stanton-on-the-
Wolds tunnel is important beca use such striae are rare in the
Midlands. The direct ion of movement was here from north-
east to south-west. In the ironstone quarry at Wartnaby
the striae observed by Mr. G. W. Lamplugh had an average
direction of north IS° west to south IS° east, a change of
direct ion perhaps du e to local deflection in the upper layers
of the ice at the head of the Vale. U pon the Wolds plateau
the direction of tran sport of material is clearly ind icated. In
th e north the clay is reddish, and contains Keuper Marl and
Rh retic shales; furth er south its matrix is dull blue-chiefly
Lias from the Vale-and Chalk begins to be abundant. West
of Old Dalb y boulders of Marlstone and Oolite app ear, the
whole then assuming the Chalky and Oolitic char act er of the
boulder clay on the Marlstone escarpment (5).
Gravels, with chalk flints , which appear to have been associated
with this sheet of clay are dis tribu ted around Plumtree, Rudding-
ton, and Clifton Pasture. Later stratified Glacial sands in the
Belvoir Dist rict were probably deposited in embayments (in the
Marlston e escarpment ) temporarily filled with water dammed
up by the ice.
RIVER GRAVEL S AND ALLUVIUM.
The history of the River Trent dates from the time of its
establishment during th e waning stages of the great glaciation-
for no signs of an earlier river have been detected, although such
no doubt once existed-and the River Gravels found in the Vale
bear record to the changes which have since taken place.
It seems probable that the water from the melting ice, finding
its passage to the Humber barred by the northward retr eating ex-
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tremity of the ice-sheet, which rested against the "cliff~' north
of Lincoln and stretched from thence to the high ground north-
west of Kelham, was forced to pour over a low pre-existing gap
in the Lincoln escarpment. During this period the present high
ground between Newark and Lincoln (Coddington, Potter's Hill,
Swinderby, Eagle and Doddington) was covered by gravels of
late-glacial age, perhaps in part shed from the ice-front itself.
The Lincoln Gap was lowered (the ice having probably retreated
to some extent) and a second series of gravels was distributed by
running waters on gently inclined slopes of the solid formations
and in hollows scoured through the older gravels. These gravels
(Older River Gravels of the Survey) occur as terraces near
Nottingham, Radcliffe, Farndon and Newark, and from the latter
place they stretch to Winthorpe and Langford, and from thence,
in a well-defined S-shaped belt, to within one and a half miles of
Lincoln. They are also found east of that city.
The waters were again rapidly lowered, and this time escaped
by two exits-the Humber and the Lincoln Gap. Gravels formed
at this stage occupy not only the floor of the present Trent
Valley but, below Newark, spread widely over the low ground to
the east, abut against the well-defined terraces of older gravels
near Langford and Eagle, and sweep round the northern flank of
the Doddington Hills to Lincoln.
The scanty evidence at our disposal tends to show that all
these deposits were formed after the ice retreated, because,
although they rest on boulder-clay at several points, they are
never found beneath it. Between Nottingham and Newark the
valley floor is almost certainly post-glacial. The river bed,
however, established its present course very soon after the close
of the Ice Age, because the bones of extinct mammalia have
been found in the valley deposits above Nottingham. Thus, at
Allenton, near the junction of the Trent and Derwent, the bones
of hippopotamus, rhinoceros and elephant were excavated from
the inner edge of a gravel terrace rising J 5-20 ft. above the
alluvial flat; while elephant, rhinoceros, etc., have been found at
several localities in the valley of the Soar. At such a time heavy
floods would occur when the winter snowfall melted in the
spring, and the river and its feeders would be larger and more
powerful than the present stream, which cannot lift and spread
gravel over its flood-plain. Between the flood-periods the stream
was choked with debris and gravel-bars, and compelled to split
up into rapidly-changing branches and spread the gravels far and
wide. Such was the ancient Trent-a powerful flood immediately
after the Ice Age, but slowly dwindling in volume and power as,
in course of time, it cut deeper and sunk its valley below the
level of the earlier-formed gravels, which are, therefore, left
as terraces and flats above the level of the latest and lowest flood-
plains. The older river gravels may be of Palseolithic Age, for local
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relics of Palseolithic men have been discovered in the caves to be
shortly described. A skull, on the other hand, found in the
younger gravels, with pottery, etc., on the site of the G.N.R.
Viaduct, north of Newark, was assigned by Huxley to the historic
or immediately prehistoric epoch.
Since the accumulation of the river gravels there has been
slight widening of the valley in places, but hardly any deepening.
The gravels, as a rule, are spread over it from side to side
beneath the recent alluvium of the present enfeebled river, and
the surface of the alluvial plain is at a slightly lower level than
that of the gravel terraces. At ordinary times the river meanders
to and fro among its ancient gravel-bars without sufficient energy
to carry away all the detritus brought down to the flat by its
tributaries. It rearranges the mixed sandy gravel of the old
river, depositing the sand above the gravel and placing a layer of
loam, derived mainly from Triassic rocks, but in part from Coal
Measures and Permian, upon the top of all. Thus the alluvial
plain-within the old gravel plain-is built up both by lateral
wandering of the river and by the floods which level up the
surface (Fig. 24.B).
Although floods still occur, the river's course is more or less
controlled by banks, '*' and the chief changes are due to the slow
action of the river swinging into and undermining its bank as it
sweeps round its curves; yet, even within historical times, we
have records of sudden changes in its course (26). These changes
are of two kinds, those in which the river has found a new channel
in the old gravels, and those in which the river has shortened its
course on its present alluvium. Thus, although tamed, the river
under certain conditions has its own way, and never in more
-striking manner than when, over-lapping its flood-banks, it bursts
its bonds and surges far and wide over the broad Vale of Trent.
The alluvium of the smaller streams of Nottinghamshire need
not be described in detail; in a few localities, the Cocker Beck,
Lambley Dumble and the Caunton Beck, it has yielded plant and
animal remains which prove that it is not of earlier date than
Neolithic Time.
BONE CAVES AND FISSURES.
Further reference, however, must be made to the bone caves
for which the Cresswell district on the Derbyshire border is
famous. For the following notes I am indebted to Mr. Lamp-
lugh :-
"All these Derbyshire bone caves have been discovered in
the limestone tracts, some in the Carboniferous and others in the
Permian (Magnesian) Limestone. All the best-known caves and
* Were it not for the flood-banks and artificial obstructions the waters would still
reach Lincoln and pass through the Witham Gap with every big flood.
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fissures of the Magnesian Limestone are included, among them
being the Cresswell caves, celebrated for the richness and variety
of their contents.
"It is almost entirely from these bone caves that we have
acquired information respecting the Pleistocene and pre-historic
fauna of the district, and much light has thereby been incidentally
thrown on the local conditions during parts of the period.
" Creswell Caves.-These famous bone caves occur in the pre-
cipitous walls of a short ravine, known as Creswell Crags, by
which a small tributary of the Poulter breaks across a faulted
uplift of the Magnesian Limestone, a quarter of a mile east of
Creswell village. The limestone, as usual, is strongly jointed
and some of the joints are enlarged into fissures which expand
in places into wide caves, of which the mouths are usually 20 ft.
or more above the floor of ravine. On the discovery of bones
in these caves by Rev. J. Magens Mello, their systematic
excavation was undertaken by him in association with Prof. W.
Boyd Dawkins and other investigators during the years 1874-
1878, and the results were published in a series of papers." [See
Plate 4I.B.]
"Though locally variable, there was a general resemblance in
the deposits of the caves, and we may take Robin Hood's Cave,
the largest of the group, as the best example. The surface soil
yielded a few Romano-British and later relics, with bones of
domestic animals, etc. The underlying cave-earth and red sand,
in places covered by stalagmitic breccia, contained the bones of
Pleistocene mammalia along with rude implements of Palreolithic
type. A few of the implements were of flint, but the majority
were of quartzite crudely fashioned, this material being locally
plentiful as pebbles in the Bunter Pebble Beds and in the gravels
derived from them. Of great interest was the discovery in
Robin Hood's Cave of a fragment of a rib-bone with the outline
of the fore-part of a horse rudely engraved upon it. The occur-
rence of a broken tooth of the extinct • sabre - tooth tiger'
(Afaclzairodus laftdens) in the upper part of the cave-earth of the
same gallery was likewise remarkable; and in a later exploration
of another recess in the same cave Dr. Laing found two mandibles
and other remains of a feline which was identified as a species
(Felis brevirostris) previously known only from a French Plio-
cene deposit.
"In Mother Grundy's Parlour, the most easterly cave on the
north side of the valley, Messrs. Mello and Dawkins found that
• Mello, Quart. Journ. Geol. Soc., vol. xxxI (1875). l'p. 679-91 ; ibid, vol. xxxii (1876),
pp. 2.0-4; .but., vol. xxxiii (1877). pp. 579-88; .bld., vel, axxv (,879), pp. 724-35. Also In
[our«. Derbysb; A reboot, and Nat. Hut. Scc., vol. i (1879), pp. 13-24 j Trans. Manch.
Geol; Soc., vol. xv (1880), PI" 290-8; Proo. Yorks. Geot. and poZJete.h. Soc .• vel, vii, pt.
ill (1881), pp. 25.-65. Dawkins, Quart. Jou",. Geot. Soc., vol. nxiI (1876), pp. 245-58;
ibid., vol. xxxiii (1877), pp. 589.612; (with Mello) .bid., xxxv (1879), pp. 724-35.
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the lowest deposit was probably older than those which they had
excavated in the other caves, as it contained the remains of
Hippopotamus and Rhinoceros leptorhinus, which were new
additions to the Creswell list.
"The older deposit was also subsequently found by Dr. Laing
in his exploration of an inner recess of Robin Hood's Cave.
"Occupation by man was shown by' pot boilers,' charcoal, a
charred canine of bear, chopped bones, with choppers and
scrapers of the rudest Acheulien type. On the floor of the cave,
beneath a great block of limestone, a fragment of skull was
found, determined by Prof. Boyd Dawkins" to be human, and by
the side of the stone a fragment of human fibula.
"Pleasley Vale.-East of the mining village of Pleasley, the
River Meden has excavated a craggy gorge across the Magnesian
Limestone, similar to that of Creswell, but deeper and longer.
Here again, the rock is gashed by fissures, some of which have
yielded bones.
"Langwith Bassett.-The latest addition to the known bone-
caves of the district is a small cavern on the north bank of
the Poulter Valley at Upper Langwith,discovered and explored
by the Rev. E. H. Mullins, who has recently published the result
of his labours (32). The valley bottom here is 300 ft. above
O.D., and the floor of the cave, where excavated, appears to be
about 8 ft. higher. The side of the valley at this point is not
more than 40 ft. high, and the mouth of the cave was hidden by
talus which has nearly buried the low crags of Magnesian Lime-
stone. The cave-deposits excavated up to the present time
appear from their contents to be somewhat newer than the prin-
cipal bone-earths of the Cresswell Caves, the extinct Pleistocene
animals so abundant there being here scantily represented.
Owing to the extreme care with which all the organic contents
of the cave have been collected by Mr. Mullins and his co-
adjutors, the list of small mammals, birds, etc., is already much
fuller than from the previously-mentioned caves. [See Plate 4I.A.]
"Age of the Cave-deposits.-There has been wide diversity of
opinion respecting the relation of the cave-deposits to the drifts.
By some authors the extinct animals are supposed to have lived
in the district during a mild interglacial period between two
periods of glaciation, while others have regarded them as be-
longing to Post-glacial times."
As previously stated, the relation of the patches of Glacial
drift to the present topography is such as to prove that the
district has undergone prolonged erosion since it was glaciated.
It seems probable that the craggy ravines so common in the
Magnesian Limestone were carved out at this time. The mouths
of the caves, which open low down on the sides of these valleys,
cannot have existed until the valleys were nearly cut to the
, Rep. Brit. Assoc. for 1889 (Newcastle), pp. 583'4,
PROC. GEOL. Assoc., VOL. XXIV. PLATE 41.
Photo by u.u. Geoi. Survey.
B.-CRESWELL CRAGS, M.\GNESIAN LIMESTONE.
To lace page 238.
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present level, which seems to indicate that their tenancy by
animals was at a later time than the glaciation. Yet some of the
caves are merely fissures in the limestone; there is therefore every
probability that in some cases remains of animals were lodged in
them from above before the oncoming of the ice-sheets.
In this manner any particular fissure may have become filled
in at both ends-from above in pre-glacial times, and by way of
the newly-developed cave mouth soon after the glaciation and
the excavation of the ravines.
EXPLANATION OF THE PLATES.
PLATE 38A.-Magnesian Limestone (" Marl Slates ") and Permian
Breccia (with hammer) on eroded surface of Coal Measures. Great
Northern Railway near Kimberley Station.
PLATE 38B.-False-bedJing in massive Dolomite. Railway cutting E. of
Pleasley Park, near Mansfield.
PLATE 39.-Nottingham Castle Crag. Bunter Pebble Beds with Rock
Houses.
PLATE 4oA.-Brickyard by Thorneywood Station, Nottingham. Keuper
Marl with Skerry bands.
PLATE 4oB.-Open-cast workings in Ironstone on Marlstone Escarpment
near Stonepit Houses. Wartnaby. The Ironstone is covered by Boulder Clay.
PLATE 4IA.-Bone cave in Magnesian Limestone, Langwith Bassett. The
cutting is through the talus piled against the side of the valley.
PLATE 4IB.-Cresswell Crags. A gorge cut through a fault scarp in
Magnesian Limestone. Noted for its Bone Caves.
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